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Project Overview
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Problem Definition

• Team contracted by the Greenway Foundation to create a solution to water 
contamination caused by road salt 

• Road salts create many environmental concerns
• Increased levels of sodium/chloride in water and soil

• Impact biodiversity in ecosystems and health of species

• Increase soil erosion

• Leads to increased turbidity in water 

• Team focused on a solution that is effective, affordable, and reduces 
negative impacts of road salts
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Road Salts are Problematic
• Salt economy is too linear

• Road salts contribute to 13.9% of TDS 
that enter streams

• Chloride is the most prevalent 
component of salt

• Harmful to environment and 
infrastructure

• EPA secondary drinking water 
standard

• 250 mg/L (also recommended for aquatic 
toxicity)
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Chloride Removal Technology

• Chloride cannot be removed 
through conventional water 
treatment

• Requires advanced 
processes:

• Oxidation

• Reverse Osmosis

• Supramolecular Cages

• Adsorption
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Ion Exchange Technology

Pros
• Selective to anions

• Regenerable

• Waste brine has 
potential reuse as 
deicer

• High treatment 
efficiency

Cons
• Susceptible competition 

from non-target anions 
and organic fouling

• Media may clog
• Filtration pre-treatment

• Will need large amount 
of resin to meet 
treatment goals
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Current Stormwater Infrastructure:
Hydrodynamic Separator (HDS)

8- Dylan

Imbrium Jellyfish System
• Use as a pretreatment for ion-exchange

• Addresses fouling and clogging 

concerns

• Filter cartridges can be interchangeable

• Gravity driven (requires no energy input)

• Requires maintenance every 5 years

How the Jellyfish Filter Works - Imbrium Systems - YouTube

https://www.youtube.com/watch?v=7DlpK0aV1Vo
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Anion Exchange Resins

9 - Dylan  

Resin​ Binding Site​ Polymeric 
Structure​

Amberlite 
IRA402​

Strong Base Gel​

Ambersep900 Strong Base Macroporous​

Amberlite 
HPR9600​

Weak Base Macroporous
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Testing 



MINES.EDU

Field work

• Samples were collected during 3 

different snow events  

• Collected when sufficient runoff observed 

by team

• December 9th 2023: Sampling began 

around 12:30 pm after a 7.8” snow event

• February 11, 2024: Sampling began at 11:15 

am after a 6.9” snow event

• March 13th 2024: Sampling began at 10:35 

am after a 27.5” storm event

11 - Sydney  
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Sampling

• 3 types of samples were collected during 

field work 

• Grab samples: 500 mL collected at once 

• Composite samples: 500 mL collected in 15mL 

increments every 15 minutes 

• 55 Gallon drum of water collected in 30 minutes 

12 - Sydney  
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December 9th 2023 Results  

Site DO 
(mg/L)

pH EC 
(uS/cm)

Temperature 
(C)

Storm 
Drain

10.25 7.31 18,596 0.97

HDS 
Influent

9.74 7.4 133.6 4.2

HDS 
Effluent

2.4 6.5 1036 7.9

19th St. composite sample Ion Chromatography 
(IC) results: 

• Chloride: 6350 mg/L
• 300x EPA regulation!

• Nitrate: 6.6 mg/L

• Sulfate: 106.8 mg/L

13 - Sydney 

19th St. Storm Drain on 12/9

HDS influent and effluent grab sample TOC 

results:

• Influent: 6.82 mg/L 

• Effluent: 1.77 mg/L 
• Decreased TOC!
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February 11th 2024 Results 
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• Two bucket tests were completed and a flow rate of 15,000 L/day was found

• The team estimates that the actual flow was closer to 20,000 L/day

• Chloride concentrations of 2,000 mg/L were recorded from this storm event
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March 13th results 

Time 10:35 am 10:50 am 11:05 am
Drum 

Sample

EC (mS/cm) 8.4 8.99 9.11 8.9

pH 7.25 7.11 6.87 7.13

• A 55 gallon drum of water was 
collected for column testing

• The chloride concentration in the drum 
was measured to be 3000 mg/L
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Isotherm Testing

• Measures adsorption of target ion to resin
• Round 1 - Increasing concentrations of NaCl

• Round 2 - Increasing dilutions of 19th St 
effluent 

• Round 3 - Rerun of rounds 1 & 2 for results 
validation

• Round 4 – Interference testing of nitrate, 
sulfate and turbidity

16 - Emma
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Isotherm Testing Results

17 - Emma 

• Amberlite HPR9600 eliminated; not effective in the pH range
• No removal! (Not included in graph)

• Round 1 Results: lab-made stock solution
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Isotherm Testing Results
• Round 2 and Round 3 Results: 12/9/23 composite sample (19th & Ford St.)

• Isotherm 3 was a rerun of 2, to validate experiment results

18 - Emma
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Isotherm Testing Results
- Round 4 results: Interference Testing

o Two test were run, one for anion interference and one for suspended solids interference

19 - Emma

Change in Cl- treated compared to Control (%)

Interference Parameter Solution Description Ambersep900 Amberlite IRA402

Control (Synthetic) 300 mg/L Cl- N/A N/A

Sulfate (Synthetic)
150 mg/L Sulfate
300 mg/L Cl-

-25.2 -55.8

Nitrate (Synthetic)
150 mg/L Nitrate
300 mg/L Cl-

-6.0 -22.6

Control (Raw) Filtered stormwater N/A N/A

Suspended Solids 
(Raw)

Unfiltered stormwater -21.7 -7.8
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Column Testing (CT)

20 - Rachel 

• Sample taken at given time 
intervals

• Test each sample for chloride to 
see when resin stops treating

• Testing 55 gallon sample from 
3/13 Pump

Stormwater 
Sample 

Influent
(10 mL/min)

Column (1/2” ID)
Packed with Resin

Mesh Screen

Mesh Screen

Effluent (treated)

Up Flow 
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Down FlowUp Flow 
Column 

Column 

Effluent 

Influent 

Influent 

Effluent 

Pressure 
release
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Column Testing Results 

22 - Rachel

• Stormwater contained ≈ 
3000 mg/L Cl-

• EPA secondary limit is 250 
mg/L or ≈ 10% (300 mg/L)
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Column Testing Results 

23 - Rachel

• CT revealed design should be an up flow system:

• 1.84 m3 resin required for up flow

• 3.96 m3 resin required for down flow

• Consistent with expectations, up flow increases 

contact time between stormwater and resin

• HDS operates in up flow system

• Indicates similar infrastructure/system requirement 

𝐑𝐞𝐬𝐢𝐧 𝐫𝐞𝐪𝐮𝐢𝐫𝐞𝐝 (
𝐦𝟑

𝟐𝟎, 𝟎𝟎𝟎 𝐋
) =

𝐂𝐓 𝐑𝐞𝐬𝐢𝐧 𝐌𝐚𝐬𝐬 ∗ 𝟐𝟎, 𝟎𝟎𝟎 𝐋

𝐕𝐨𝐥𝐮𝐦𝐞 𝐰𝐚𝐭𝐞𝐫 𝐭𝐫𝐞𝐚𝐭𝐞𝐝 ∗ 𝛒(𝐫𝐞𝐬𝐢𝐧, 𝐛𝐮𝐥𝐤)
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Final Design 
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Final Design Specifications 

• Up flow system to increase 
adsorption capacity

• Design storm:
• 3,000 mg Cl-/L 

• 20,000 L

1.84 m3 system (1,242 kg)
• Regenerate after 20,000 L 

6 ft

25 - Sydney  
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Project Cost

• Implementation Costs – quoted from DuPont 

• Regeneration will improve cost as resin can be reused per storm event

• Infrastructure Modification or Installment

Item
Selling Price per Unit 

Volume

Amount Needed per 

20,000 L Snow Event
Total Price

AmberSep900 resin $11,500 / 1 m3 1.84 m3 $21,160

26 - Sydney  
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Increasing the systems 
longevity

27 - Sydney 

• To increase longevity, team 
recommends a system bypass

• Electrical conductivity (EC) can 
indicate chloride levels in water

• Obtain background EC to bypass 
system when chloride not prevalent
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Storm Drain Design Implementation

• Easily accessible for 
maintenance/recharge 

• Gravity and pressure driven 
system 

• Can be implemented almost 
anywhere 

• Untreated influent will cause the 
resins to become clogged and 
need more frequent maintenance 

28 - Dylan

Step 1: 
Runoff enters 
through storm 

drain

Step 2: 
Bar screen & trap 

remove large solids 
(prevents clogging)

Step 3: 
Stormwater treated 

by Ion Exchange 
system
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Hydrodynamic Separator (HDS) 
Implementation

• Removes 80-90% of 
suspended solids and 
oils

• Prevents ion-exchange 
resin clogging

• HDS use becoming 
more popular

29- Dylan

Step 1: 
Runoff enters 
through storm 

drain

Step 2: 
Pre-existing HDS 

removes suspended 
solids, oils, debris

Step 3: 
Ion exchange system 

installed post HDS 
treatment
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Next Steps 
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Regeneration Testing

31 - Rachel

• Resins can be regenerated
• Soaked in bicarbonate to “kick off” adsorbed chloride and re-open binding 

sites

• The team did 2 trials of regeneration testing
• Found that running it in an up flow system would require more solution 

than water we treat (at constant flow rate)
• Regeneration contact time is higher than removal contact time

• Team recommends trial of a soak/low flow regeneration
• Opposed to an up flow system
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Regeneration 
Testing

32 - Rachel

Up flow regeneration Soak regeneration
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Future Work

• Cost analysis for installation/implementation into current 
stormwater infrastructure

• Infrastructure optimization

• Data validation for the following 
• Exhaustion and regeneration testing 

• EC curve and background EC

• Flow data

• Brine & resin reuse research

33 - Emma
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Questions


